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(54) PTC COMPOSITION MATERIAL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the crystalline hrgh-molecular composition 
material, which has the low resistivity not found in conventional devices and has the PTC 
(positive temperature coefficient) characteristic with excellent resistance stability after 
repeating trip-cycle tests. 

SOLUTION: This PTC composition material is fomied by compounding 550-1 ,000/pts,wt. 
of titanium cariDide having an average particle diameter of 0.1 -5jim into 100 pts.wt. of 
crystalline high molecules. In this case, by performning the surface treatment for the 
titanium carbide with siJane-compound coupling agent the resistance of the PTC 
composition material after trip-cycle tests can be more stabilized. 
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JP,10-116702,A 
* NOTICES * 

Japan Patent Office is not responsible for any 
d£uaages caused by the use of this translation. 

1 .This docun^nt has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the resin constituent 
which has the PTC property (right temperature coefficient property) which increases rapidly, 
when resistance arrives at a specific tenperatxire field. It is low resistance in an ordinary state 
in more detail, and is related with the PTC resin constituent which was moreo ver repeatedly 
excellent in the repeatability of the resistance at the time of switching operation. 
[0002] 

[Description of tlie Prior Art] Conventionally, the PTC element using the resin constituent or 
it which has the PTC property of carrying out restoration distribution of the conductive 
powder, such as carbon black metallurgy group powder, in crystalline polymers, such as 
polyethylene or polypropylene, is well-known. For example, it is indicated by JP,50-33707,B, 
JP,4-167501,A, etc. about carbon black, and is indicated by JP,5-47503,A etc. about the metal 
powder. 

[0003] As mentioned above, in the PTC constituent which made the crystalline polymer carry 
out restoration distribution of the conductive powder, since the interval of the powder of the 
conductive powder distributed in it in order that a crystalline polymer might show cubical 
expansion rapidly in the melting point increases and the contact resistance between powder 
increases rapidly, a PTC property is produced. In the above-mentioned well-known PTC 
constituent adapting such a principle, tlie problem to which change of resistance becomes 
large was in the inside where the crystal of a crystalline polymer repeats dissolution and 
solidification. 

[0004] In order to solve the above-mentioned problem, carbon black is used as conductive 
powder and making the crystalline polymer as a matrix resin construct a bridge using a silane 
compound cross linking agent is proposed (JP,2-140902,A). 

[0005] The report used as a PTC constituent as a new attempt on the other liand as conductive 
powder which carries out restoration distribution at a crystaUine polymer using conductive 
inorganic powder other than carbon black metallurgy gmup powder, for example, a titanium 
carbide, way-ized titanium, way-ized zircon, way-ized niobium, **-ized niobium, a **-ized 
tungsten, **-ized molybdenum, etc. is made (J. Material Science 26.145 (1991)). 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, the performance demanded as a PTC 
constituent sliows a resistance change rapid [ tlie standup of a PTC property ], and big, and 
needs for the initial resistance by the ordinary state to be small moreover. It is required that 
there is no change in the property stability after repeat switching operation (trip cycle 
examination), especially resistance in application sides, such as a PTC element for 
overcurrent protections which furthermore requires big switching power in recent years. The 
specific resistance in ordinary ten:f)erature is below 0.5-ohmcm, and change of resistance 



w 



before and after switching teiqperatnre is 106 or more, and concrete desired value is that 
resistance does not change after repeat switch INGU operation (trip cycle examination). What 
is simultaneously satisfied [ with the conventional example mentioned above ] of the above- 
mentioned demand was not obtained, this invention aims at offering the FTC constituent with 
which are satisfied of the above-mentioned requirements. 

[00071 . . 

[Means for Solving the Problem] In this invention, the PTC constituent which the titanium- 
carbide powder 550 of 0. 1-5 micrometers of mean particle diameters - the 1000 weight 
sections are blended to the crystalline-polymer 100 weight section, and is characterized by the 
bird clapper is offered. 

[0008] For the PTC constituent of this invention, change of resistance before and after 
switching temperature is 106. While the above good PTC property is shown, the resistance 
after about [ that the specific resistance in the temperature below switching is a low value 
very much ], a trip cycle examination, etc. is remarkable, and stable. Therefore, the 
overcurrent-piotection element by which the element property that big switching power is 
required was stabiUzed with the constituent of this invention can be completed. 
[0009] With tlie constituent of this invention, the resistance after a trip cycle examination is 
stabilized as mentioned above, and although the reason which stopped being able to increase 
easily is not solved enough, it is thought that the following phenomena compound and the 
effect is demonstrated. That is, the conventional PTC element is the constituent which added 
the titanium carbide below the 500 weight sections to die matrix polymer 100 weight section, 
and if the surface energy of a titanium cai bide also compares the bottom with carbon black 
etc. and it will be put on a trip state since it is high, wetting to matrix polymer will advance. 
Even if a trip state is dispelled and cooled as a result, while the relation between titanium- 
carbide powder (percolation) advanced m the somewhat imperfect state and has repeated it 
many times, it is thought that it is for resistance to go up. Since the low molecular weight 
constituent and side-chain portion in the matrix polymer which participates for getting wet are 
limited concentration on the otter hand when the concentration of a titanium carbide becomes 
to tte matrix polymer 100 weight section more dian die 550 weight sections like this 
invention, wetting will not advance. Moreover, if a mean particle diameter adds 0. 1 or 5- 
micrometer titanium-carbide powder more tiian the 550 weight sections to the crystaUine- 
polymer 100 weight section, extraordinary difficulty will follow on kneading (the viscosity of 
a constituent rises). Since the adhesion to the surface of n^tal of ductility or a mixer declines, 
as a result of die restraint nature of the position of a matrix polymer becoming high around die 
aforementioned titanium carbide and movement of a matrix crystal stopping being able to 
happen easily at die time of a trip, stabilization of resistance arises. Wten resistance was 
stable, since there are few mcreases in resistance, with the constituent of diis invention, it is 
considered tiiat from which tiae thing of good resistance is obtained to resistance liaviiig gone 
up and original good specific resistance not havmg been conventionaUy, obtained by the 
temperature history under manufacture. 
[0010] 

[Embodiments of the Invention] The crystalline polymer used as matrix polymer in the PTC 
constituent of this invention can use the mixture of not only a simple substance but two or 
more crystalline polymers, and its degree of crystallinity is [ 10% or more of crystaUine 
polymer ] effective. If the crystalline polymer used for this invention is illustrated, 
polyolefines, such as ethylene system copolymers, such as polyethylene, such as a high 
density polyethylene, a medium density polyethylene, and a low density polyethylene, or an 
ethylene vinylacetate copolymer, and an ethylene-ethyl acrylate copolyn^r, and 
polypropylene, a thernK)plastic polyamide, a thermoplastic polyester, a polyvinylidene 
fluoride, etc. will be mentioned. 



[001 1] The crystalline polymer used for this invention can construct a bridge, after blending 
titaniunvcarbide powder etc. If bridge formation processing is carried out, since it can prevent 
destruction of the PTC element by unusual heating and the proof-pressure property of a PTC 
element can be raised, it is desirable. The above-mentioned bridge formation is good by any 
methods, such as the electron ray constructing-hridge method usually performed, the 
chemistry constructing-bridge method by organic peroxide, and the silane constructing'-bridge 
method by the silane compound cross hnking agent. 

[0012] Although the titanium-carbide powder used for this invention does not interfere by the 
titanium carbide usually available from a commercial scene, the mean particle diameter is 
adjusted to 0. 1-5 micrometers. TTie reason which the mean particle diameter set to 0. 1 or 5 
micrometers is because the manufacture method is difficult for a diing 0. 1 micrometers or less 
and it is difficult to receive. Moreover, it is because the stability of resistance by trip cycle 
examination is not fully acquired even if it carries out extensive addition in the case of 5 
micrometers or more. 

[0013] The addition of the aforementioned titanium-carbide powder is the 550 - 1000 weight 
section to the aforementioned crystalline-polymer 100 weight sectioa Under in the 550 
weight sections, when the stability of resistance by trip cycle examination becomes bad and 
the 1000 weight sections are exceeded, it is because loieading becomes very difficult 
[0014] In addition, for the aforementioned titanium-carbide powder, a mean particle diameter 
is 5 micrometers. The following, since it is an impalpable powder comparatively, even if it 
adds more than the 600 weight sections to the crystalline-polymer 100 weight section by 
performing surface treatment, a fluidity does not become bad, but it becomes easy to make a 
constituent into the shape of a thin sheet. On the other hand, although an addition can be 
increased if MFR of the aforementioned crystalline polymer is enlarged, since kneading work 
becomes difficult on the contrary by the resin of not much big MFR, even for example, a 850 
weight sections grade is the limitation of an addition only in adjustment of MFR. 
[0015] In the constituent of this invention, the titanium-carbide powder which carried out 
surface treatment of the titanium-carbide powder by the silane compound coupling agent in 
order to carry out high restoration combination at a crystalline polymer is blended, or it is 
desirable to blend the specified quantity of a silane compound coupling agent with titanium- 
carbide powder. While being able to increase the addition to a crystalline polymer by carrying 
out surface treatment, stabilization of resistance by trip cycle examination can be inqjrovol 
further. 

[0016] The silane con:5X)und coupling agent used here is a general formula (1). 
R3-n 

I (1) 

X-Sl (OR) n 

the inside of a formula, and n - the integer of 2 or 3, and R - a methyl group or an ethyl 
group, and X - an alkyl group - the organic machine which has an aJkyl-halide machine, a 
vinyl group, an amino group, a sulfhydryl group, etc. - it is - it is expressed Methyl 
trimetoxysilane, ethyl trimethoxysilane, TORIFUTSU-ized propyltrunethoxysilane. 
Vinyltrimetoxysilane, a vinyl ethoxy silane, a BINIRUTORI (ethoxy methoxy) silane, 
gamma- methacryloxy propyl trimethoxysilane, gamma-glycidoxypropyltrimetoxysilane, beta- 
(3, 4-epoxycyclohexyl) ethyl trimethoxysilane, N-beta-(aminoethyl) gamma-aminopropyl 
trimetlioxysilane, N-beta-(aminoethyl) gamma-aminopropyl methyl dimethoxysilane, N- 
pheuyl-gamma-aminopropyl trimethoxysilane, gamma-mercapto propyltrimethoxysilane, 
gamma-chloropropyltrimetoxysilane, etc. are mentioned. 

[0017] In the above-mentioned silane compound coupling agent, since the effect which raises 
the stability of resistance by trip cycle examination is large, the coupling agent which does not 



contain a unsaturated bond rather than the coupling agent containing functional ^oups,. such 
as a vinyl group including a unsaturated bond, an acryloyl machine, and a njethacryloyl ;:;* iV= 
machine, is an especially desirable coupling agent. 

[0018] As an amount of surface treatn^nt of the aforen^ntioned silane coinx)und coupling 
agent, the weight ratio 0.001 or the range of 0.01 is desirable to the aforementioned titanium- 
carbide powder It is because the effect of surface treatnaent will only be saturated to an 
addition if 0.001 or less exceed 0.01 rather than it is [ and ] enough as the effect of surface 
treatment at a weight ratio as for an addition However, since the superfluous portion of a 
silane compound coupling agent volatilizes, or reacts with the naoisture in air and changes to a 
saanol cortq)ound, checking die PTC property of the constituent of this mvention has them [ 
few ] Since there is an advantage to which the fluidity of a constituent improves con^jared 
with the case of unsettled titaniimi-carbide powder, and a fabricating operation becomes easy 
when the titanium-car^)ide powder which carried out surface treatnaent by the sDane 
compound coupling ageiit is used, an addition can be enlarged. However, since kneading will 
become difficult if an addition surpasses the 1000 weight sections to the matrix polymer 100 
weight section, it is not desirable. 

[0019] As a method of carrying out distributor shaft coupling ^f the silane conqx)und 
coupling agent used for this invention to the aforementioned titanium-carbide powd^ Add the 
aforementioned silane compound coupling agent to solvents, . such as alcohol, water, and an 
organic solvent, and the slurry of the aforementioned titanium-carbide powder is formed. 
Although there are a wet pocess naethod to dry, a dry type approach which adds to the direct 
aforementioned titanium-carbide powder, and agitates and carries out distributor shaft : 
coupling of the aforementioned silane confound coupling agent without a solvent to it, the 
integral blending method simultaneously added at the time of kneading of the constituent of 
this invention Wlien the stability of the PTC element resistance by the trip cycle test result 
performs surface treatment by the wet method, the best result is obtained, and dry process 
ranks second to this. 

[0020] In the constituent of this invention, an antioxidant, a bridge formation accelerator, an 
inorganic bulking agent, a coloring agent, etc. can be added if needed. 
[0021] The PTC constituent of this invention can give titahium-carbide powder and other 
additives to a crystalline polymer (matrix polymer), and can give shearing force to polymer 
enough, for example, using kneading equipments, such as a Banbury mixer, a roll mill, and a 
screw die pressing appearance machine, melting kneading is carried out and it is obtained. 
[0022] The PTC element which next used the PTC constituent is explained. The basic 
composition of a PTC element consists of at least two electrodes connected to the Plastic solid 
which fabricated the PTC constituent to the shape of a desired configuration, for example, a 
cylinder, and a pillar, the tabular, etc., and its Plastic solid. Although a d/t ratio may be used 
as an index showing the structure of a PTC element (d : equivalent q>pearance =2x (area of an 
elec^de) (/pi) one half, average thickness of a t:PTC constituent Plastic solid), a constituent 
is fabricated in the shape of [ thin ] a fihn Since the small element of resistance is 
theoretically obtained when it is a large element, the structure, le., the d/t ratk), which forms 
an electrode all over the field of the upper and lower sides of a film, if an element is created 
with this structure using the low constituent of resistance of this invention, the element of 
very low resistance can be created. Moreover, although it does not become so small even if 
resistance compares with the conventional isonwrphous PTC element compared with the case 
where the d/t ratio of resistance is big when a d/t ratio is the element of the structure before 
and behind one, since the thermolysis speed of an element becomes small. When a d/t ratio 
creates the element of the structure before and behind one using the constituent of the small 
specific resistance of this invention, there is a merit which can shorten the trip response tin^ 
compared with the case where the element of ibt same resistance is made using the 



conventional PTC constituent. 

[00231 The method of creating metals, such as nickel and copper, as the creation method of an 
electrode by the method, the metal electrode, the vacuum deposition and the spatter which 
cairyout th^compression bonding, the spraying process, etc., the method of forming an 
electrode through an electroconductive ghie, etc. can be used The method of carrying out 
thermocompression bonding of the metallic foil etc., and creating it at the temperature beyond 
the meltmg pomt of a resin, especially, is simple, and economical In this case since 
exfoliation of an electrode can be prevented if the metallic foil which split-face-ized from 
faces, such as an electrolysis foil, is used, it is desirable 
[0024] 

[Example] The detail of this invention is explained with an example below 

[0025] [ExMfiples 1-8 and examples 1-5 of comparison] Examples 1-8 are shown in Table 1, 

andthePTCelementstructureoftheexamplesl-5ofcomparisonisshowninTabIe2 
way of making is as follows. 

[0026] It kneaded at 150 degrees C with the mixing ratio shown in Table 1 and 2 with the 
kneader. and the sheet-like constituent was obtained by the roU mill It heats at 190 degrees C 
with metal mold, and is 100 kg/cm2 during 10 mmutes. It pressurized by the pressure ^ 
cooled to the room tei^rature by the after saW pressure, and the constituent was prefonned 
m uniform thictoess of 0.5mm. Furthermore, a PTC constituent layer sheet is sandlichS^ 
with an elec jolysis nickel foil with a thickness of 25 micrometers in the upper and lower 
sides, and It heats at 190 degrees C with metal mold, and is 2kg [ 100 //cm ] for 10 minutes. It 
SL t <!^;f H ^ the pressure, and cooled to the room temperature by the after said pressure, and 
T ^^^^l^J^'^ ^'^g^ "^'^^ t° ^°°«truct by iiradiatinVwith thT 

dosage winch shows the gamma ray of 60Co(es) in Table 1 and 2 in ordinary temirature 

f^^^^n '""T^^ """'^ of 0.05mm, a lengA [ of 30mm ]. and a width of 

fece ot If^m made h-om brass was attached in the whole element electrode with cream 

^ ^r'^tf , T'.o;,"^^ ^ "^"^^^ t this lamination sheet was 

cut after that m a length of 20mm and widthH)f-face a size of 10mm, and 1, flux was washed 

^^^-^ M ^^^"V^" of comparison, and created FTC 

T^TZ X"^^^'"' above in the example 8 except'having set widthof faceof 

f u ^ "''^"^"^ ^° ^""^ ^ '^°Sth of 3mm and a PTC element 
[0^7] In the examples 5-7, although the titanium-carbide powder used as a conductive 
buD ing agent perfoimed surface tream^ent by die silane compound coupling agent, surface 
treatment of tins titanmm-carbide powder was performed as foUows. 1kg of tiTaniuiiH^^fde 
.be added m die processing liquid which dissolved [ water ] 20g and 2g of acetic 
SL/Ti, coinpound coupling agent in the mixed solvent (500g and eUianol 500g) it 

stmred, the umform slurry was created, and dryness removal of the solvent was fiilly carriS 

[0028] In addition, the screen of 280 meshes is used for the titanium-carbide powder (20 
micrometers of mean particle diameter.) used for die examples 3 and 4 of comparison for 
r C-M (large drop child grade), and it is 50 micrometers of particle diameters The particle 

o^'^"" !f- '"'^^P' ^^^^ ^'8 and mugh pLcIe. In addition ^asC^nt 
of tf« mean particle diameter at this time was measured by the laser diffraction scatteriiT 
method. However the mean particle diameter of the odier titanium-carbide powder is ASTM 
B Sub shown m 330-88 ft carried out by the Sieve mediod is i m. 

25deii^'c According to die conventional method, it measured at the temperature of 



[0031] Specific resistance: It computed by the following formula from the resistance obtained 
above. 

Specific resistance = (the surface area / PTC constituent layer thickness of a resistance xPTC 
constituent layer) 

[0032] Resistance change value: It computed by the following formula from initial resistance 
(25 degrees C) of a PTC element, and the maximum resistance aft^ a trip state so that it 
might illustrate to drawing 1 . 

Resistance change value = log (the maximum resistance / resistance (25 degrees C)) 
[0033] After ( a trip cycle examination ] resistance: The PTC element was connected to the 
power supply of sufficiently big current capacity, and direct-current 14V were energized for 
the PTC element. Thus, it changed into the trip state and held for 5 minutes. The power 
supply was shut off after that, the PTC element was cooled automatically, and resistance of a 
PTC element was measured at the room temperature of 25 degrees C 1 hour after. It 
considered as the resistance after a trip cycle examination with the resistance (25 degrees C) 
after repeating this trip cycle 10 times. In axidition, it considered as the resistance rate of 
increase (%) with the increase ratio with initial resistance. 

[0034] The above resuk was collectively shown [ example ] in Table 2 about Table 1 and the 
example of comparison. 
[0035] 
[Table 1] 
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